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1.1. Experience of heat accumulation for district heating  
'+V\VWHPVZLWKWKH7(6V\VWHPKDYHEHFRPHZLGHVSUHDGDQGQRZDGD\VKHDWDFFXPXODWLRQWDQNVDUHLQVWDOOHG
LQ PRVW RI &+3V 2QH VXFK H[DPSOH LV WKH 7(6 V\VWHP LQ WKH ELRFRJHQHUDWLRQ SODQW ³0DULER6DNVNRELQJ´
'HQPDUNZKHUHDP ODUJHDFFXPXODWLRQ WDQNZDV LQVWDOOHG LQ>@7KHPDLQDLPZDVWRHQVXUHKHDW
VXSSO\FRQWLQXLW\
7(6DOVRLQFUHDVHVWKH&+3DGDSWDELOLW\DQGDOORZVWKHSURGXFWLRQRIHOHFWULFLW\ZKHQLWKDVDKLJKHUSULFHDQG
VWRUHWKHWKHUPDOHQHUJ\XQWLOWKHKHDWGHPDQGLQFUHDVHV)RUWKLVUHDVRQDPODUJHDFFXPXODWLRQWDQNKDV
EHHQLQVWDOOHGLQ&+3³$VQDHV´'HQPDUN>@6XFK7(6V\VWHPDOORZVWKHDFFXPXODWLRQRIKHDWIRU±KRXUVLQ
WKHZLQWHUSHULRG7KHUHIRUHLWLVSRVVLEOHWRHQVXUHWKHQHFHVVDU\KHDWGHPDQGIRUDURXQGKLQWKHVXPPHUSHULRG
E\XVLQJWKHDFFXPXODWLRQWDQN7KLVPHDQVWKDWWKH&+3FDQVWRSRSHUDWLQJRQZHHNHQGV
$QHYHQODUJHUDFFXPXODWLRQWDQNPKDVEHHQLQVWDOOHGLQDQRWKHU'DQLVK&+3Ä)\Q´7KHKHDWVWRUDJH
FDSDFLW\LVVXIILFLHQWWRFRYHUWKHKHDWGHPDQGIURPWKHDFFXPXODWLRQWDQNVLIWKHHOHFWULFLW\SULFHVGRQRWPHHWWKH
UHTXLUHGOHYHO'XHWRLQVWDOOHGKHDWDFFXPXODWLRQWDQNVWKH&+3FDQVWRSZRUNIRUWRKRXUVLQWKHZLQWHUSHULRG
DQGDWOHDVWIRUKRXUVGXULQJWKHVXPPHU>@
7(6LQVWDOODWLRQLVHVVHQWLDOZKHQLQVWDOOLQJWKHVRODUFROOHFWRUVIRU'+SXUSRVHV2QHVXFKSURMHFWLVORFDWHGLQ
)ULHGULFKVKDIHQ*HUPDQ\ZKHUHVRODUFROOHFWRUVZLWKWKHWRWDODUHDRIPZHUHEXLOWRQWKHURRIVRIEXLOGLQJV
>@7(6ZLWKDWRWDOFDSDFLW\RIPSURYLGHVHQHUJ\DFFXPXODWLRQ2YHUDOOWKLVSDUWLFXODUV\VWHPSURYLGHV
KHDW IRUPRI OLYLQJDUHD7KHUHDUH VHYHUDO VLPLODU VRODU V\VWHPVZLWK7(6 LQWHJUDWLRQ LQVWDOOHG LQRWKHU
FLWLHVLQ*HUPDQ\DQGHOVHZKHUHLQ(XURSH
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1.2. Determination of heat load 
$KHDWORDGYDULDWLRQLVRQHRIWKHPDLQSDUDPHWHUVWKDWQHHGWREHWDNHQLQWRDFFRXQWZKHQSODQQLQJ7(6%RWK
VHDVRQDO DQG GDLO\ KHDW ORDG YDULDWLRQ QHHG WR EH DQDO\VHG LQ RUGHU WR GHWHUPLQH WKH PRVW VXLWDEOH FDSDFLW\ RI
DFFXPXODWLRQV\VWHP
6HDVRQDOKHDWORDGYDULDWLRQVDUHFDXVHGE\ODUJHWHPSHUDWXUHGLIIHUHQFHVEHWZHHQRXWGRRUDLUWHPSHUDWXUHVLQWKH
ZLQWHUDQGVXPPHU7KHGDLO\KHDWORDGYDULHVPDLQO\GXHWRWKHVRODUUDGLDWLRQDQGRXWGRRUWHPSHUDWXUHEXWVRFLDO
KDELWVRIUHVLGHQWVDOVRKDYHDQLPSDFW7KHRXWGRRUWHPSHUDWXUHLVORZHUGXULQJWKHQLJKWZKLFKUHVXOWVLQKHDWORDG
FKDQJHV7KHUHDUHVHYHUDOW\SLFDOFKDUDFWHULVWLFVRIGDLO\KHDWORDGYDULDWLRQV>@

x 7ZRSHDNORDGVZLWKLQWKHGD\LQPRUQLQJDQGDIWHUQRRQ
x +HDW ORDG UHGXFWLRQ LQ PLGGD\ GXH WR RXWVLGH WHPSHUDWXUH LQFUHDVH SDUWLFXODUO\ REVHUYHG LQ WKH VSULQJ DQG
DXWXPQ
x +HDWORDGYDULDWLRQVGRQRWFKDQJHGXHWRGLIIHUHQWGD\RIWKHZHHN

8QWLOQRZWKHUHQRWHFKQRORJ\KDVEHHQIRXQGWKDWZRXOGEHHFRQRPLFDOO\IHDVLEOHWRDYRLGWKHVHDVRQDOKHDWORDG
YDULDWLRQ7KHUHIRUHWKHPDLQIRFXVLVRQOHYHOOLQJWKHGDLO\KHDWORDG7KHUHDUHVHYHUDOPHWKRGVWRUHGXFHPD[LPXP
SRZHUDQGKHQFH UHGXFH WKH WKHUPDOFDSDFLW\ UHTXLUHG IRU WKH'+V\VWHPZLWKRXWXVLQJDQDFFXPXODWLRQ WDQN2QH
SRVVLELOLW\LVWRXVHKRXVHVZLWKJUHDWKHDWFDSDFLW\WKLFNHUZDOOVDVKHDWDFFXPXODWRUV6XFKEXLOGLQJVFDQVWRUHKHDW
IRUXSWRKRXUVVRWKHKHDWFDQEHVXSSOLHGEHIRUHWKHSHDNORDGLQRUGHUWROHYHOWKHWRWDOKHDWORDG>@
/DUJH'+V\VWHPVKDYHPLQRUUHODWLYHGDLO\YDULDWLRQLIFRPSDULQJWRVPDOO'+V\VWHPVIRUWZRUHDVRQV

x &RQVXPHUVDUHJHRJUDSKLFDOO\GLVWULEXWHGDWYDULRXVGLVWDQFHVIURPWKHKHDWSODQWWKHUHIRUHUHWXUQZDWHUFRPHV
LQWKHERLOHUKRXVHDWGLIIHUHQWSHULRGV7KLVLVNQRZQDVWKHJHRJUDSKLFDOGLYHUVLW\RIWKH'+QHWZRUNV
x /DUJHSLSHOLQHVV\VWHPRIKHDWLQJQHWZRUNLVXVHGIRUWHPSRUDU\KHDWVWRUDJH>@

7KHPDLQDLPRIWKHDUWLFOHLVWRGHWHUPLQHQHFHVVDU\FDSDFLW\RIWKH7(6LQRUGHUWROHYHOWKHKHDWORDGYDULDWLRQ
LQGLIIHUHQWVHDVRQV7ZRGLIIHUHQWPHWKRGVKDYHEHHQXVHGWRDQDO\VHWKHKHDWORDGYDULDWLRQ
0HWKRGRORJ\
,QRUGHUWRGHWHUPLQHRSWLPDOFDSDFLW\RIDKHDWVWRUDJHXQLWLWLVQHFHVVDU\WRDQDO\VHWKHKHDWORDGYDULDWLRQ7KH
KHDWORDGYDULDWLRQLQDSDUWLFXODUSHULRGFDQEHGHVFULEHGE\VHYHUDOSDUDPHWHUVLQWURGXFHGE\*DGG	:HUQHU>@
$QQXDOUHODWLYHGDLO\YDULDWLRQ*DVKRZVWKHGDLO\KHDWORDGFKDQJHVGXULQJD\HDU7KHDQQXDOGDLO\YDULDWLRQ
H[SUHVVHVDQQXDOSURSRUWLRQRIDWRWDODPRXQWRIKHDWVXSSOLHGWRWKHGDLO\DYHUDJHKHDWORDG7KHVHDQQXDOYDOXHV
FDQEHXVHGWRFRPSDUHGLIIHUHQW'+V\VWHPV
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
7KH SDUDPHWHUV GHVFULEHG DERYH DUH XVHG WR HYDOXDWH WKH KHDW ORDG YDULDWLRQ LQ WKH SDUWLFXODU'+ V\VWHP DQG
DQDO\VHKHDWVWRUDJHRSWLRQV7KHGDLO\RSHUDWLRQGDWDIURPWZRGLIIHUHQW&+3ZHUHXVHGWRDQDO\VHWKHKHDWORDG
YDULDWLRQ7KHVH&+3DUHWKHPDLQKHDWSURGXFHUVLQ5LJDFLW\DQGFRYHUDURXQGIURPWKHWRWDOKHDWGHPDQGRI
WKH FLW\ >@ 7KH JDWKHUHG GDWD LQFOXGHV KRXUO\ PHDVXUHPHQWV IRU D ILYH \HDU SHULRG IURP -DQXDU\  XQWLO
'HFHPEHU)LJXUHVKRZVWKHKHDWORDGFXUYHIRUWKHSDUWLFXODU'+V\VWHP

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VHDVRQDOYDULDWLRQFRQVWLWXWHVVHH)LJ7KHJUHDWVHDVRQDOYDULDWLRQDSSHDULQVXPPHUDQGZLQWHUSHULRGZKHQ
LQ RQH FDVH FRQVXPSWLRQ LV PXFK KLJKHU EXW LQ RWKHU  PXFK ORZHU WKDQ WKH DYHUDJH DQQXDO KHDW SURGXFHG 7KLV
YDULDWLRQ RI WKHUPDO HQHUJ\ GHPDQG DIIHFWV WKH RYHUDOO SURGXFWLRQ HIILFLHQF\ 1HYHUWKHOHVV LW LV QRW SRVVLEOH WR
FRPSOHWHO\OHYHOXSWKHKHDWSURGXFWLRQDVLWZRXOGUHTXLUHLQVWDOOLQJDQDFFXPXODWLRQWDQNIRURIDQQXDODYHUDJH
DPRXQWKHDWSURGXFHGZKLFKLVDSSUR[LPDWHO\0:K7KHUHIRUHWKHKHDWVKRXOGEHVWRUHGIRUDIHZPRQWKV
7KHFDOFXODWHGDQQXDOUHODWLYHGDLO\YDULDWLRQRIWKHSDUWLFXODUKHDWORDGUDQJHVIURPWRZLWKDQDYHUDJH
YDOXH RI  )RU FRPSDULVRQ WKH DYHUDJH KHDW ORDG YDULDWLRQ LQ 6ZHGLVK '+ V\VWHP LV DURXQG  >@
$QQXDOUHODWLYHVHDVRQDOYDULDWLRQLVDURXQGYDU\LQJLQUDQJHIURPWR7KHVDPHYDOXHLVDURXQG
LQ6ZHGLVK'+V\VWHP

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 )LJ$QQXDOKHDWSURGXFWLRQFXUYH )LJ5HODWLYHGDLO\KHDWORDGYDULDWLRQLQGLIIHUHQWVHDVRQV
7KHUHODWLYHGDLO\YDULDWLRQGLIIHUVLQGLIIHUHQWVHDVRQV$VFDQEHVHHQLQ)LJWKHODUJHVWKHDWORDGYDULDWLRQLV
LQZLQWHUDQGVSULQJDXWXPQVHDVRQV7KHKHDWORDGYDULDWLRQLQVXPPHULVQHJOHJLEOH7KLVQHHGVWREHWDNHQLQWR
DFFRXQWZKHQFDOFXODWLQJWKHQHFHVVDU\FDSDFLW\RI7(6
'XHWRFOLPDWHFRQGLWLRQVWKHRXWGRRUWHPSHUDWXUHFDQUDQJHXSWRGHJUHHVGXULQJWKHGD\LQWKH%DOWLF6WDWHV
7KHUHIRUHKHDWGHPDQGYDULHV WRJHWKHUZLWKRXWGRRU WHPSHUDWXUH7KHPRVW VWDEOHKHDWGHPDQG LV LQ WKH VXPPHU
SHULRGZKHQ KHDW LVPDLQO\ FRQVXPHG IRU KRWZDWHU SURGXFWLRQ 7KH VXPPHU DQG DXWXPQ SHULRGV VKRXOG QRW EH
LQFOXGHG ZKHQ WKH 7(6 FDSDFLW\ LV FDOFXODWHG EHFDXVH WKH KHDW ORDG LV XQSUHGLFWDEOH DQG GLIILFXOW WR DQDO\]H
1HYHUWKHOHVVVSULQJDQGDXWXPQPRQWKVVKRXOGEHLQFOXGHGLQWKHYHULILFDWLRQSURFHVV
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
)LJ$YHUDJHUHODWLYHGDLO\YDULDWLRQVGHSHQGLQJRQWKHGHIOHFWLRQDPSOLWXGH
7KHFDOFXODWHGDYHUDJHGDLO\YDULDWLRQVKDYHEHHQDUUDQJHGGHSHQGLQJRQWKHGHIOHFWLRQDPSOLWXGHDVFDQEHVHHQ
LQ)LJ7KHODUJHVWGDLO\KHDWORDGYDULDWLRQUHDFKHVIURPWKHGDLO\DYHUDJHKHDWVXSSO\7KHDYHUDJHKLJKHU
KHDW ORDGYDULDWLRQ LV,QRUGHU WRDYRLGH[WUHPHYDOXHV LW LV UHDVRQDEOH WR LQFOXGHWKHWKSHUFHQWLOH LQ WKH
DVVHVVPHQW,QWKLVFRQGLWLRQWKHPD[LPXPYDOXHRIWKHGDLO\YDULDWLRQGHFUHDVHVWRWKHORZHVWDQGDQ
DYHUDJHGHFUHDVHE\7KLVPHDQWKDWDOPRVWDOOKHDWORDGYDULDWLRQVFDQEHSUHYHQWHGE\LQVWDOOLQJWKH7(6
ZLWKWKHFDSDFLW\RIRIWKHGDLO\DYHUDJHKHDWVXSSO\
7KH HYDOXDWLRQRIKHDW ORDG FDSDFLW\ DQG ILQGLQJRIRSWLPDOZRUNLQJ FDSDFLW\ZDVXVHG DV DQRWKHUPHWKRG WR
GHWHUPLQH WKH DFFXPXODWLRQ V\VWHP SDUDPHWHUV 7R FDOFXODWH WKH FDSDFLW\ RI WKH KHDW DFFXPXODWLRQ V\VWHP LW LV
QHFHVVDU\ WR ILQG WKHDPRXQWRIKHDW DERYHDQGEHORZSRVVLEOHKHDW FDSDFLW\FXUYHZKLFKZRXOGEH WKHRSWLPDO
&+3RSHUDWLRQFRQGLWLRQVVWHDG\DQGFRQVWDQW)LJVKRZVWKHDPRXQWRIKHDWHQHUJ\WKDWFDQEHXVHGIRU7(6


)LJ+HDWORDGDQDO\VHVUHVXOWV
)LJ  VKRZV WKH UHVXOWV RI KHDW ORDG DQDO\VHVZKHUH WKH KHDW ORDG YDULDWLRQ UDQJH LV VKRZQZLWK WKH EOXH DQG
RUDQJH OLQHV WKH YLROHW OLQH VKRZV WKH RSWLPDO RSHUDWLRQPRGH RI &+3 7KH EOXH DQG JUHHQ DUHDV VKRZ SRVVLEOH
DFFXPXODWHG KHDW DPRXQW IRU 7(6 FKDUJH DQG GLVFKDUJH ZKLFK VKRXOG EH HTXDO WR FRPSHQVDWH HDFK RWKHU 7KH
DQDO\VHVKDYHEHHQPDGHIRUWKHZLQWHUSHULRG'HFHPEHU)HEUXDU\DVLWKDVWKHODUJHVWUDQJHRIKHDWORDGYDULDWLRQ
7KHDYHUDJHGDLO\KHDWORDGIRUHDFKGD\ZDVFDOFXODWHGVHH)LJ)XUWKHUWKHSRVVLEOHDFFXPXODWHGKHDWDPRXQW
ZDV FDOFXODWHG DV D KHDW ORDG DPRXQW DERYH DQG EHORZ WKH DYHUDJH YDOXH 7KH GHWHUPLQHG YDOXH WKHQ IRUPV WKH
YROXPHRI WKHDFFXPXODWLRQ WDQNZKLFKZRXOGHQVXUH WKH VPRRWKRSHUDWLRQRI WKH&+3 LQGDLO\SHUVSHFWLYH7KH
FDOFXODWLRQLQFOXGHVWKHDYHUDJHKHDWORDGFDSDFLW\GHWHUPLQDWLRQIRUHQWLUHSHULRGFDOFXODWLRQRIYDULDWLRQUDQJHDQG
DOVRFDOFXODWLRQRI WKH ODUJHVWDUHD LQ WKHKHDW ORDGJUDSKZKLFKGHVFULEHV WKHQHFHVVDU\FDSDFLW\RIDFFXPXODWLRQ
V\VWHP
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7KH\HDUGDWDDQDO\VHVVKRZWKDWDSSUR[LPDWHFDSDFLW\RIWKHQHFHVVDU\DFFXPXODWLRQWDQNIRUGDLO\KHDWORDG
VKRXOG EH DURXQG 0:K  \HDU DYHUDJH ,Q RUGHU WR HQVXUH WKH VWHDG\PRGH RI&+3 SODQW IRU DZHHN WKH
UHTXLUHGFDSDFLW\RI7(6ZRXOGEH0:K6XFKDFFXPXODWLRQWDQNYROXPHZRXOGDOORZDFRQWLQXRXVRSHUDWLRQ
RI FRJHQHUDWLRQ SODQW LQ KHDWLQJ VHDVRQ 2FWREHU±$SULO 7KH QHFHVVDU\ FDSDFLW\ RI 7(6 IRU WKH VXPPHU SHULRG
ZKHQVSDFHKHDWLQJLVQRWQHFHVVDU\0D\6HSWHPEHULV0:KIRUGDLO\KHDWORDGDQG0:KIRUZHHNO\KHDW
ORDGOHYHOOLQJ7KHUHVXOWVFDQEHVHHQLQ7DEOH

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)LJ'DLO\KHDWORDGDFFXPXODWLRQSRVVLELOLWLHV
7DEOH$FFXPXODWLRQV\VWHPDQDO\VHVUHVXOWV
<HDU
7RWDODPRXQWRI
SURGXFHGKHDW*:K
+HDWLQJVHDVRQ 6XPPHU
'DLO\FDSDFLW\RI7(6
0:K
:HHNO\FDSDFLW\RI7(6
0:K
'DLO\FDSDFLW\RI
7(60:K
:HHNO\FDSDFLW\RI
7(60:K
     
     
     
     
     
$YHUDJH     

7DEOHLQFOXGHVWKHILYH\HDUDYHUDJHFDSDFLW\RI7(6QHYHUWKHOHVVLWZRXOGEHUHDVRQDEOHWRXVHWKHPD[LPDO
YDOXHVDVWKHDFFXPXODWLRQWDQNLVDORQJWHUPFRQVWUXFWLRQZKLFKLVGLIILFXOWWRUHFRQVWUXFWRUUHEXLOG
&RQFOXVLRQ
7(6LVDZLGHO\XVHGWHFKQRORJ\IRUHIILFLHQF\LQFUHDVHLQKHDWSURGXFWLRQSODQWVVSHFLDOO\LQ&+3DVLWDOORZV
JHQHUDWLQJ WKH HOHFWULFLW\ DWPD[LPDO SULFH OHYHO&DUHIXO KHDW ORDG DQDO\VHV DUH QHFHVVDU\ WR GHWHUPLQH WKHPRVW
VXLWDEOHYROXPHRIDFFXPXODWLRQWDQN
7KHSDUWLFXODU'+V\VWHPLQ5LJDFLW\KDVEHHQLQYHVWLJDWHGE\DQDO\VLQJKHDWORDGYDULDWLRQIRU\HDUSHULRG
7KHUHODWLYHGDLO\YDULDWLRQZDVFDOFXODWHGWRHYDOXDWHWKHDSSUR[LPDWHFDSDFLW\RI7(6DQGFRPSDUHGLIIHUHQW'+
V\VWHPV7KHUHODWLYHGDLO\YDULDWLRQRIKHDWVXSSO\IRUWKHSDUWLFXODU'+V\VWHPUDQJHVIURPWR7KH
YDULDWLRQLVVPDOODVWKH'+V\VWHPLVZLGHHQRXJKWRDGDSWWKHORDGFKDQJHV
7KH ODUJHVWGDLO\KHDW ORDGYDULDWLRQ UHDFKHVIURP WKHGDLO\DYHUDJHKHDW VXSSO\7KH UHVXOWV VKRZV WKDW
DOPRVWDOOKHDWORDGYDULDWLRQVFRXOGEHSUHYHQWHGE\LQVWDOOLQJWKH7(6ZLWKWKHFDSDFLW\RIIURPWKHGDLO\
DYHUDJHKHDWVXSSO\
7KH HYDOXDWLRQ RI KHDW ORDG FDSDFLW\ DQG ILQGLQJ RSWLPDO ZRUNLQJ FDSDFLW\ ZDV XVHG DV DQRWKHU PHWKRG WR
GHWHUPLQH WKH DFFXPXODWLRQ V\VWHP SDUDPHWHUV 7KH DYHUDJH KHDW VXSSO\ ZDV FDOFXODWHG IRU HDFK GD\ DQG WKH
SRVVLEOHKHDWDPRXQWIRUDFFXPXODWLRQZDVGHWHUPLQHGDVDQLQWHJUDWHGDUHDDERYHDQGEHORZWKHRSWLPDORSHUDWLRQ
PRGHFRQGLWLRQV5HVXOWVVKRZWKDWLWZRXOGEHQHFHVVDU\WRLQVWDOO7(6ZLWKWKHFDSDFLW\RIDURXQG0:KWR
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SUHYHQWZHHNO\KHDWORDGYDULDWLRQVDQG0:KIRUGDLO\KHDWORDGYDULDWLRQV7KHUHVXOWVIRUWKHVXPPHUSHULRG
DUHVOLJKWO\GLIIHUHQWDQGWKH7(6ZLWKVPDOOHUFDSDFLW\ZRXOGEHUHTXLUHG
)XUWKHUDQDO\VHVVKRXOGLQFOXGHWKHHYDOXDWLRQRIHFRQRPLFWHFKQLFDODQGHQYLURQPHQWDODVSHFWVIRURSWLPDO7(6
LQVWDOODWLRQLQGLVWULFWKHDWLQJV\VWHP
$FNQRZOHGJHPHQWV
7KHZRUNKDVEHHQVXSSRUWHGE\WKH1DWLRQDO5HVHDUFK3URJUDP³(QHUJ\HIILFLHQWDQGORZFDUERQVROXWLRQVIRUD
VHFXUHVXVWDLQDEOHDQGFOLPDWHYDULDELOLW\UHGXFLQJHQHUJ\VXSSO\/$7(1(5*,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